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L. Introduction
The distributional properties of speculative prices, stock returns and foreign exchange rates have important implications for several financial models, including models for capital asset prices and models for the pricing of contingent claims. For example, in empirical tests of mean-variance portfolio theories, such as the Sharpe-Lintner Capital Asset Pricing Model, the variances and covariances of the asset returns are used as measures of "dispersion" or "risk." However, depending on the distribution of the returns the variance may not be a valid or sufficient statistic to use. The distribution of the returns also plays an important role in the Black-Scholes option pricing formula, and in the pricing of forward contracts in the foreign exchange market. Furthermore, most tests of the efficient market hypothesis rely critically on the underlying distributional assumptions.
Following the seminal works by Mandelbrot (1963) and Fama (1965) , where it is shown that the first differences of the logarithm of cotton and common stock prices generally have fatter tails than are compatible with the normal distribution, a voluminous literature has been addressed to this question. Without attempting an exhaustive list of these studies, particularly interesting are the original papers by Mandelbrot (1963) and Fama (1965) where the stable Paretian family of distributions is suggested to characterize the stochastic properties of speculative prices. In Praetz (1972) and Blattberg and Gonedes (1974) it is argued that for both stock price indices and individual stock prices the scaled t-distribution, derivable as a continuous variance mixture of normals, has greater descriptive validity. Other variance mixture models proposed in the literature include the compound events model by Press (1967) , the lognormal-normal model by Clark (1973) , the subordinate normal mixture model in Westerfield (1977) and the discrete mixture of normal distributions in Kon (1984) . For a recent list of references on the subject see also Fielitz and Rozelle (1983) and Boothe and Glassman (1985) .
The general conclusion to emerge from most of these studies is that speculative price changes and rates of return are approximately uncorrelated over time and well described by a unimodal symmetric distribution with fatter tails than the normal. However, even though the time series are serially uncorrelated, they are not independent. As noted by Mandelbrot (1963, p. 418), "..., large changes tend to be followed by large changes-of either sign-and small changes tend to be followed by small changes,.
The same regularity has also been observed for both stock price changes and foreign exchange rate changes, see for instance Fama (1965 Fama ( , 1970 and Mussa (1979) . Indeed, this behavior might very well explain the recent rejection of an independent increments process for daily stock returns in Hinich and Patterson (1985) .
The Autoregressive Conditional Heteroskedastic (ARCH) model introduced in Engle (1982) explicitly recognizes this type of temporal dependence. According to the ARCH model the conditional error distribution is normal, but with conditional variance equal to a linear function of past squared errors. Thus, there is a tendency for extreme values to be followed by other extreme values, but of unpredictable sign. Furthermore, the unconditional error distribution of the ARCH model is leptokurtic, reconciling the previous empirical findings.
In the present paper a simple extension of the ARCH model to allow for conditionally t-distributed errors is given.' This development permits a distinction between conditional heteroskedasticity and a conditional leptokurtic distribution, either of which could account for the observed unconditional kurtosis in the data. In addition to this extension, we also allow the current conditional variance to be a function of past conditional variances as in the Generalized ARCH (GARCH) model developed in Bollerslev (1986).
II. The Standardized t-distribution
Since the econometric model characterizing the distributional properties outlined above applies in a much broader context, the discussion in this section will be somewhat general. Thus, let the conditional distribution of yt, t = 1 ... ., T, be standardized t with mean yt-l, variance h,t,l and degrees of freedom v, i.e., It is also well known that for 1/v -* 0 the t-distribution approaches a normal distribution with variance h,l,_l, but for 1/v > 0 the t-distribution has "fatter tails" than the corresponding normal distribution. A particularly appealing feature of the model given in (1) is the fact that it can be derived as a subordinate stochastic process from the conditional normal model:
where ut denotes the prediction error in the conditional variance equation
h, = E(h,tli,1) + ut = h,t,ll + ut.
The decomposition in (3) 46 10-3) (0.13 10-3) (.045) (.148) (.055 This estimate of the conditional kurtosis differs significantly from the normal value of three, as seen by the LRI,,==0 test for the GARCH(l, 1) model with conditionally normal errors, equal to 41.26. Note, the Monte Carlo results mentioned in section II indicate that in this situation the LR test statistic is more concentrated towards the origin than a x2 distribution, and therefore evaluating LRI,7=0 in the x2 distribution leads to a conservative test for conditional normality, implying rejection at even higher levels.
On the other hand, the standardized t-distribution with constant conditional variance which has previously been suggested in the literature to characterize the distributional properties of foreign exchange rates, cf. Rogalski and Vinso (1978), fails to take account of the conditional dependence in the second moments. Indeed, the LR a=0= test statistic equals 65.21, cf. table 2, which is highly significant at any level in the corresponding asymptotic X2 distribution (see Engle 
where B denotes the usual backshift operator.4 From rows 3 through 7 in table 1 it is clear that even though the rates of return series tend to be uncorrelated over time, there is again a tendency for large and small residuals to cluster together as seen by the highly significant Q2 (10) statistics in column 2. The estimates of the GARCH(1, 1)-t model reported in the last five rows in table 2 also reflect this fact. Most of the coefficients are significant at traditional levels. Furthermore, none of the Ljung-Box portmanteau tests for the standardized residuals, ',h7,it /I reported in table 1 are significant at the usual 5% level, except for Q(10) for Public Utilities. It is interesting to note that all of the LR,,10=o tests for the standardized t-distribution, which have previously been suggested in the literature to characterize the stochastic behavior of stock price indices, cf. Praetz (1972) , are significant at the 5% level or lower, except for Capital Goods. The LR1/^=0 tests for the GARCH(1, 1) model with conditionally normal errors, are significant at the 1% level or lower using the conservation x2 distribution.
Summing up, the results presented in this section confirm the previous findings in the literature that speculative price changes and rates of return series are approximately uncorrelated over time but characterized by tranquil and volatile periods. The standardized t-distribution fails to take account of this temporal dependence, and the ARCH or GARCH models with conditionally normal errors do not seem to fully capture the leptokurtosis.. Instead, the relatively simple GARCH(1, 1)-t model fits the data series considered here quite well. Of course, it remains an open question whether other conditional error distributions provide an even better description. Another interesting question is whether high order GARCH models might be called for when modelling other financial time series. The empirical relevance of the IGARCH model also deserves further investigation. We leave the answer to all of these questions for future research.
4In practice, the expansion of (1 + .268B)-l was truncated after its first four terms, 1 -.2680B + .0718B2 -.0192B3 + .0052 B4.
